(F/P) sodium ratio was not significantly different from unity in antidiuretic animals, but was as low as 0.78 during mannitol diuresis.
The distal F/P sodium ratio averaged 0.62 in antidiuresis, and 0.24 during osmotic diuresis.
The data are interpreted to indicate active sodium transport by both proximal and distal convolutions.
The F/P ratios for inulin, urea, and total osmotically active solute are in general agreement with previous studies.
M ICROPUNCTURE OF THE TUBULES accessible on the surface of the mammalian kidney has been performed by several groups of investigators.
Net water movement in the proximal convolution of small rodents was originally studied by Walker and co-workers (I) and more recently in proximal and distal convolutions by others (2) (3) (4) . The concentrations of sodium (I, 2, 4) , urea (3) , and osmotically active solute (I, 3, 5, 6) along the proximal and distal convolutions have also been determined.
In the present study we have further explored the movement of these substances along the nephron by in the tubule as well as its concentration could thus be determined.
The effect of rate of urine flow on the movements of water and solutes was investigated by studying rats with either low or high rates of urine flow, the latter state resulting from loading with mannitol or urea.
METHODS
Rats of the Wistar strain, 200-500 g in weight, were anesthetized with intraperitoneal sodium pentobarbital, 35 mg/kg body weight, and the left kidney exposed through an abdominal incision. Carbon 14-labeled urea, about 40 &IOO g body weight, was injected through the jugular vein. A priming dose of inulin in saline was followed by a maintenance infusion calculated to maintain a plasma inulin concentration of approximately 75 mg/~ oo ml. The infusion rate varied in different experiments from 0.0085 to 0.085 ml/min according to the rate of urine flow desired and the size of the rat Diuresis was induced in some animals by the infusion of 20 % mannitol or IO % urea solution at 0.085 ml/min. Beginning approximately I hr after the maintenance infusion had been started, three to five samples of tubular fluid were collected by micropuncture from surface tubules in each experiment.
To prevent backflow the tubules were blocked distal to the site of puncture by the injection of a droplet of mineral oil, and the rate of collection adjusted to maintain the droplet at a constant position.
Approximately O.-I 5-0.20 ~1 of tubular fluid was collected.
In the animals with low urine flow the collection time varied from 30 to 60 min; in the experiments with osmotic diuresis, only IO-I 5 min was required.
Blood samples were collected from the vena cava before and after each microsample, and urine from the experimental kidney was collected simultaneously via a ureteral catheter.
The microsamples were deposited under oil on a de- (7) . The only modification was that 6 ~1 instead of 12 ~1 of anthrone reagent were used, and the microcuvette described by Ullrich and Hampel (8) was rinsed with part of the 6-~1 reagent divided by air in several fluid columns. Inulin in plasma and urine (after proper dilution) was determined on 2-pl samples. For precipitation of protein, 8 ~1 of water were placed on a piece of parafilm, 2 ~1 of sample (plasma, urine or standard)
were pipetted into the droplet of water, and 2 ,ul of IO % zinc sulphate solution and 2 ~1 of 0.5 N sodium hydroxide were placed on the parafilm next to the water droplet,
The three droplets were then mixed with a glass rod and drawn into a glass capillary
The ends of the capillary were fused in a microflame and the capillary centrifuged.
In spite of the evaporation that takes place during the pipetting and mixing on the parafilm, the method was extremely accurate.
The explanation for this is that with some practice the time for each precipitation is so constant that all samples are exposed to essentially the same amount of evaporation.
Eight microliters of supernatant were subsequently pipetted into 200 ~1 of the anthrone reagent which had been placed in the middle of a 3-m" diameter glass tube. The ends of this glass tube were then sealed in a microflame, and the fluid was mixed by shaking. All samples and standards were then heated in a water bath for IO min at 50 C. The optical density was measured in the same manner as the microsamples.
Urea. Approximately 0.08-~1 samples of tubular fluid and plasma were plated on chemically clean stainless steel planchets, dried overnight, and their radioactivity determined in a windowless flow proportional counter as described by Lassiter, Gottschalk, and Mylle (3) . Urea was determined chemically in plasma and urine by the Conway method (9).
Osmolality. Sodium. After determining the radioactivity in the samples of tubular fluid, the dry material on the planchets was dissolved in 20 ~1 of distilled water. This solution was pipetted into I ml of freshly distilled acetone, and sodium was determined with a Beckman flame photometer by the micromethod described by Hilger, et al. (7) . The error of this method is ~2. I %. Sodium concentration was determined directly in plasma and urine samples diluted I to 12,000 in water.
RESULTS
Antidiuretic rats. (Fig. I and Table  I .) Seven samples of proximal fluid were collected from three rats. All samples were isosmotic with plasma. The fluid/plasma (F/P) sodium ratio averaged 0.99 and varied from 0.93 to I .OI. The F/P inulin ratios varied from I .5 to 3. I, indicating reabsorption of water from each tubule proximal to the site of collection. The urea concentration was measured in four samples and was higher than in plasma, but in only one sample was the F/P urea ratio as high as that for inulin.
In the others, it was one-half or less. isosmotic with plasma. The sodium concentration ranged from 7 I to I I I mM/liter, corresponding to F/P ratios of 0.50-0.79 (avg. 0.62). The inulin ratios varied from 5.7 to I I .7, all of which are at least twice as high as that of the highest proximal sample. There was no apparent increase in the inulin ratio along the distal convolution in these few samples. In contrast to the proximal samples, the urea F/P ratios were equal to or somewhat higher than the inulin ratios and ranged from 6.3 to 18. I, indicating that at least as much urea was present as had been filtered. samples of proximal fluid were collected from seven rats made diuretic by the infusion of a hypertonic solution of mannitol or urea. All samples were isosmotic with plasma. In each case, the sodium concentration of the tubular fluid was lower than that of plasma. This was especially true during mannitol diuresis when F/P sodium ratios varied from 0.96 to as low as 0.78, and averaged 0.90. During urea diuresis, they ranged from 0.99 to 0.91, and averaged 0.95. The F/P inulin ratios ranged from I .25 to 3.02. Six samples from rats undergoing mannitol diuresis all had F/P urea ratios lower than their inulin ratios. The urea-C14 concenOsmotic diuresis. (Figs. 2 and 3 and Table I .) Fourteen The F/P inulin ratio of six samples from the first half of the distal convolution averaged 4, and was 5.9 for four samples from the last half. The F/P urea ratio was the same as the F/P inulin ratio in one sample and approximately half as much in the other two distal samples from animals in mannitol diuresis.
DISCUSSION
Sodium and water reabsorption. In these experiments the sodium concentration of proximal fluid was essentially the same as that of plasma in antidiuretic rats, but significantly lower than plasma when osmotic diuresis was induced with mannitol or urea. These observations are consistent with the fact that proximal fluid is isosmotic with plasma (I, 3, 5, 6 ). They are also con- It has been shown previously by Lassiter et al. (3) , that in the nondiuretic rat approximately one-half of the filtered urea is lost from the proximal tubule, but that a similar amount or more is gained in the descending limb of the loop of Henle, since at least as much urea as filtered is present in the early distal convolution.
A large amount of urea is also lost out of the collecting ducts, and apparently it is this urea that is added to the loop fluid and recirculated.
The present observations confirm these observations and are of special value, since the inulin and urea determinations were done on the same samples of fluid. The few data obtained during mannitol diuresis suggest that less urea was lost from the proximal convolution and collecting ducts in this condition, and less was added to loop fluid. The urea clearance was much higher. These data are consistent with the hypothesis that with less water reabsorption along the nephron and collecting ducts, the concentration gradients favoring diffusion of urea out of the nephron are lower, and thus less should be lost transtubularly and more excreted in the final urine. Also, with diminished loss from the collecting ducts one should not expect to gain as much urea in the loop. Unfortunately, these data give little insight into the problem as to whether all movement of urea in the mammalian kidney is passive or whether active transport of urea also occurs.
